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In 1833 yon Schreibers  I reported that in cold springs the larvae of salamanders 
sometimes refrain from metamorphosis for a  considerable length of time; upon 
dissecting such larvae he found the remarkable fact that the sex organs had reached 
maturity before metamorphosis had  taken  place.  Since that  time, similar ob- 
servations have been made repeatedly; but it was due especially to De Filippi's  2 
discoveries, communicated in 1861,  that the attention of biologists was  directed 
to  this  phenomenon.  De  Filippi found  a  pond in  the  Formazza valley, near 
Andermatten, which was inhabited by numerous individuals of the species Tri!on 
alpestris.  The majority of them had metamorphosed; but about forty were still 
in a  larval condition and possessed gills.  They w:re conspicuous  not  only  by 
their  unusually  large size as compared with  normal larvae of  this species, but 
also by the presence of mature sex organs.  Soon after De Filippi's communica- 
tion,  Dumeril  3 reported his  remarkable experiments  on  amphibians--probably 
the Mexican axolotl--in which it was demonstrated that the specimens in ques- 
tion were larvae of the species Ambystoma  tigrinum  and not  adult animals,  and 
yet  the  larvae not only possessed mature sex organs,  but  actually propagated 
in the laboratory while still in the larval condition. 
These observations proved conclusively that  the  development of the sex or- 
gans  in  amphibians is independent  of  metamorphosis.  Expressed in  terms of 
Gudernatsch's  4 discoveries, according to which metamorphosis is caused by the 
action of definite substances, this would mean that the substances bringing about 
development  of  the  sex  organs are  not  identical with  the  substances  causing 
metamorphosis.  Recently the same condition has been found to prevail among 
von Schreibers, Oken's Isis,  1833,  527. 
2 De Filippi, F., Arch.  per Zool. l'Anat,  e Fisiol., Geneva, 1861,  i, 219 (quoted 
by Wolterstorff). 
3 Dumeril, A., Nouvelles Arch.  Mus.  Histoire Nat.  Paris,  1866,  ii,  265;  Ann. 
sc. nat. Zool.,  1867,  vii, 229. 
4 Gudernatsch, J. F., Arch. Entwcklngsmechn. Organ.,  1912-13, xxxv, 457. 
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the tailless amphibians.  Allen  5 has  shown that extirpation of the thyroid  in 
the larva of Rana pipiens,  though it prevents metamorphosis, does not retard 
development of the sex organs, and Swingle's  ~ experiments prove that feeding 
thyroid  to  tadpoles, though  it  enforces metamorphosis, does not  accelerate 
development of the germ cells. 
The  fact  that  the  germ  cells  in  amphibians  are  independent  of 
metamorphosis as regards their development has recently given rise 
on the part of Professor Allen  5 to renewed consideration of Weismann's 
hypothesis postulating the existence of a  fundamental difference be- 
tween the germ plasma and the somatic plasma, since the observations 
made in amphibia may be interpreted to mean that the germ plasma is 
independent of  the  somatic plasma.  This  interpretation,  however, 
would be correct only if it could be shown that the independent be- 
havior during development is peculiar only to the germ cells, and that 
consequently the soma as  a  unit is opposed to the germ cells  as an 
independent unit.  But we will show, in the present paper, that upon 
further analysis of  amphibian development, it is  found that  the  so 
called soma, in the Weismannian sense, does not exist; for it is pos- 
sible  to demonstrate that in salamanders this soma can be made to 
disintegrate into a  number of organs which, like the sex organs,  are 
independent  of  metamorphosis  and,  moreover,  are  independent  of 
each other as  regards  their development.  Furthermore,  the nature 
of metamorphosis will have  to be  defined more  accurately to mean 
not the development of the animal as a whole, but the development 
of  certain  organs  of  the  amphibian  organism.  The  remarkable 
feature in the development of amphibians is not the independence of 
the germ plasma from the somatic plasma, but the independence of 
various groups of organs from one another, due to the fact that the 
development of each of these groups is controlled by substances dif- 
ferent from those controlling the other groups, and that each of these 
substances separately may be supplied to or withheld from the organ- 
ism  by  the  experimenter  at  will,  either  directly  or  by  means  of 
changing the environmental conditions. 
5  Allen, B. M., J. Exp. Zool.,  1917-18, xxiv, 499. 
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Relation between the Reduction of the Gills,  the First Skin Shedding, and 
Metamorphosis. 
It has become customary to apply the term metamorphosis to the 
processes which can be  enforced by thyroid treatment.  Though it 
is  claimed frequently that  in  tadpoles  the  action  of  iodine  can  be 
defined accurately, it  seems that  certain phenomena have  been  in- 
cluded as a result of iodine action which in reality are not due directly 
to this action.  It will be shown that the effect of iodine can be de- 
termined  most  accurately in  salamanders,  at  least  as  regards  two 
organs, the gills and the skin, while the development of several organs 
can be shown to be independent from the iodine mechanism. 
In  salamanders,  two  phenomena  are  most  conspicuous  during 
metamorphosis; the first shedding of the skin and the reduction of the 
gills. 
In  temperatures of from 20-30°C.,  the first shedding of the skin 
never takes more than 24 hours and frequently only from 2 to 5 hours. 
In lower temperatures it may take from 1 to several days.  But in 
both cases the beginning and the end can be determined with accuracy 
if the animals are watched carefully.  It is  thus possible  to observe 
accurately the time relation which exists between the first shedding 
of the skin and other  developmental phenomena.  While  several  of 
the latter phenomena have been observed to take place either before 
or after the first shedding of the skin, as will be discussed below, the 
time relation between the shedding of the skin and the reduction of 
the  gills  is  constant and  unchangeable.  The  condition  of  the gills 
(external in  salamanders)  varies greatly and  is  influenced much by 
the quantity of food available  to  the larva~,  as  Powers  7 has  stated. 
Well nourished larvae possess  large gills with long fringes; in poorly 
nourished  animals  the  stems  as  well  as  the  fringes  become  short. 
But  in  whatever state  the larvae may be  kept,  the gills  are always 
characterized by the possession of stems as well as fringes.  In meta- 
morphosis,  however,  the  gills  are  reduced  to  short  stubs  without 
fringes.  The  transition  from the state with fringes into  that ~¢ith- 
out  fringes  is  sudden  and  definite,  and  requires  only a  few hours. 
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Many hundreds  of salamander  larva  belonging  to the species Amby- 
stoma  maculatum,  Ambystoma opacum, Ambystoma tigrinum, and 
Eurycea rubra have been observed under the most varying  conditions 
during metamorphosis; but in not one instance were the gills reduced 
to  mere  stubs  without  fringes  before  the  shedding  of  the  skin  had 
taken place.  This time relation  is observable even under  conditions 
of the  greatest  acceleration.  Since  it will  become evident,  and  has 
Mready  been pointed  out above that a  similarly  constant  succession 
in time between the two phenomena  in question and  other  develop- 
mental  phenomena  does  not  exist,  we  are  forced to  assume  that  a 
relation exists between the shedding of the skin and the reduction of 
the  gills,  which  does not  exist between these phenomena  and  other 
developmental  processes.  Evidently  both  these  phenomena  must 
have  a  common  cause,  and,  indeed  conditions  which  retard  or pre- 
vent the shedding of the skin also retard  or prevent the reduction of 
the gills, while conditions which accelerate or enforce the shedding of 
the skin also accelerate or enforce the reduction of the gills.  More- 
over, it Call be shown that  both phenomena  are enforced by the ap- 
plication  of iodine  and  inhibited  by the  lack  of iodine;  and  conse- 
quently they must be considered as constituting part of the amphibian 
metamorphosis.  Numerous  experiments  have  been  carried  out  to 
test the action of iodine upon the shedding of the skin and the reduc- 
tion of the gills; two are described below. 
A  series of six larva~ of Ambystoma opacum (WI 1917)  were kept in 
ordinary  tap water at  approximately  25°C.  and  fed on earthworms. 
5 weeks after hatching,  the larva had attained  a  length of 29.6 ram. 
and were in an early larval stage.  At this time they were placed in a 
0.02  per  cent  solution  of Bayer's  iodothyrin  in  tap  water.  8  or  9 
days later,  the  skin  was  shed  and  the  gi~ls were reduced rapidly  to 
stubs without  fringes,  while  the  control larva  needed several weeks 
more to undergo  the same changes.  This effect of iodine upon skin 
shedding and the reduction of the gills was  particularly  conspicuous 
as the development of other organs, e.g. the legs,  did not make  any 
progress.  Thus the phenomena of skin shedding and reduction of the 
gills  surely are  caused by the action of iodine,  and  constitute  what 
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In a previous paper  s it has been demonstrated that the feeding of 
the thymus gland to larv~ of Ambystoma opacum, Ambystoma macula- 
turn, and Ambystoma tigr~num frequently retards and in  rare cases 
even inhibits metamorphosis, and that this inhibitory action of the 
'thymus diet is due to the fact that iodine is either completely absent 
from thethymus or present in amounts so small as to make it impos- 
sible  for metamorphosis  to  take place  at  a  normal  time.  In  the 
thymus-fed larvae  not only the reduction of the gills  but  Mso  the 
shedding of the skin is either retarded or completely inhibited, and 
yet other organs may develop normally and reach an almost adult 
condition.  This  proves  that  while  the  development of  the  latter 
organs is independent of the iodine action, both the skin shedding and 
the reduction of the gills cannot take place in the absence of iodine. 
Rdation between Devdopment of Skin Coloration and Metamorphosis. 
Among the organs whose development is independent of metamor: 
phosis,  the structures which give rise  to  the coloration of the skin 
are  most  conspicuous.  Since  the  coloration  of  the  skin  is  easily 
observable without killing the animal, the development of this char- 
acter can be used with great advantage to demonstrate its relation 
to metamorphosis.  The color development of the skin is most vari- 
able as regards its time relation to metamorphosis.  This relation is 
subject to change under a number of different conditions; the devel- 
opment of  the  skin  coloration is  not  produced by  the  substances 
causing  metamorphosis,  for  it  takes  place  without  the  action  of 
iodine. 
Though careful studies on  the subject in question have not been 
carried out thus far, the remarkable fact that gill-bearing larva~ may 
exhibit the coloration of metamorphosed animals has been observed 
repeatedly.  In  1891 von Bedriaga  ~ described in  detail  the colora- 
tion of a  number of larvm of tailed batrachians and frequently em- 
phasized in this paper that neotenous larva~ of the genus Triton may 
possess  colors similar to those of metamorphosed animals.  Similarly 
8 Uhlenhuth, E., J. Gen. Physiol.,  1918-19, i, 305, 473. 
von Bedriaga, J., Zool. Am., 1891,  xiv, 295, 301,317,  333,  349,  373,  397. 530  METAMORPHOSIS  IN  AMPHIBIANS 
Wolterstorff  ~°  observed  that  the coloration continued to develop in 
urodelan  larvae  whose  metamorphosis had  been  checked;  he  men- 
tioned that in this phenomenon we seem to deal with a  noteworthy 
case  of  organic  correlation.  He  probably  thought,  however,- 
erroneously as will be shown later on--that the development of the 
skin pigmentation is conditioned by the development of the sex or- 
gans,  a  correlation  existing  between  these  two  organs.  Later  on 
Kammerer  1~  observed  a  larva  of  Salamandra  maculosa  which  had 
developed the skin pattern of the adult a year and a half before meta- 
morphosis took place.  Similar phenomena have been observed also 
among  the  larva~ of  Salientia.  Dickersony  for  instance,  in  a  de- 
scription of the metamorphosis of Rana damitans, says: "The varia- 
tion in the size,  color, and markings of the changing tadpoles is very 
great.  Most curious is the fact that some tadpoles show the lateral 
folds and  the  coloring of  the adult male or  female long before  the 
change is completed, while others take on the frog form entire before 
the lateral folds are well developed or before the  sexual coloring is 
evident." 
The following experiments show that the development of the skin 
coloration  cannot  be  prevented  by  the  absence  of iodine from  the 
food, nor can it be enforced by the direct application of iodine; con- 
sequently it is independent from metamorphosis and may take place 
either before or after metamorphosis. 
Four series of larvm of Ambystoma opacurn, all hatched from eggs of 
one female, were kept at approximately 25°C.; two series  (A  and E, 
1916) were fed earthworms, the other two (B and F,  1916) were fed 
calf's thymus.  In Series A and E the gray network of the adult com- 
menced to develop as soon as the animals had metamorphosed (Figs. 
FIGs. 1 to 4. Development of  the  adult coloration of the  skin in  worm-fed 
and thymus-fed animals of  Ambystoma opacum.  In worm-fed animals the gray 
network develops after  metamorphosis  (Figs. 1  to 3),in thymus-fed animals, the 
metamorphosis of which is retarded, it develops before metamorphosis (Fig.  4). 
Photographed from  water color paintings made from the living specimens.  Nat- 
ural size. 
10 Wolterstorff, W., Zool. Garten, 1896, xxxvii, 327. 
11 Kammerer, P., Arch. Entwcklngsmechn. Organ., 1904, xvii, 165. 
1~ Dickerson, M. C., The frog book, New York, 1907, 205. EDUARD  UHLENILUTH  531 
FIG. 1.  F~o. 2. 
FiG. 3.  FIo. 4. 
FIG. 1.  Opacum 1916,  A  4.  Worm-fed metamorphosed animal, 2  days after 
metamorphosis;  gray  network  visible on  the  snout;  rows  of  larval, spots still 
present. 
FIG.  2.  Opacum 1916,  A  3.  Worm-fed metamorphosed animal, 2 weeks and 
3  days after metamorphosis.  Gray network fully developed, but rows of larval 
spots still present on back. 
FI6.  3.  Opacum 1916,  A  3.  Worm-fed  metamorphosed animal, 6  weeks 
after metamorphosis.  Gray network fully developed, rows of larval spots have 
disappeared. 
FIG.  4.  Opacum 1916,  F  3.  Thymus-fed larva.  Gray network fully devel- 
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1 and 2),  and was fully developed from 5  to 6 weeks after metamor- 
phosis  (Fig.  3).  In  Series  B  and F  the  gray network of the  adult 
had started to develop before metamorphosis.  In five larva whose 
metamorphosis was either checked completely or retarded to a  con- 
siderable extent,  the gray network reached a  condition very similar 
to the adult condition as shown in Fig. 4. 
These experiments have been repeated several times and have al- 
ways furnished the same result; namely, that the development of the 
adult coloration can proceed in the absence of iodine, and can take 
place  before  metamorphosis has  been  accomplished.  Moreover,  in 
the above mentioned larva the sex organs were not in a mature con- 
dition; the development of the skin color is independent not only of 
metamorphosis but also of the development of the sex organs. 
On the other hand, iodine treatment though it leads rapidly to meta- 
morphosis does not advance the development of the skin coloration. 
This  was  shown  most  strikingly in  the  Series  Opacum 1917, W~. 
In  these  larva  the  iodothyrin  treatment enforced metamorphosis 
from 8  to  9  days after  the beginning of the  experiment;  the  small 
and little developed larvae shed the skin and reduced the gills rapidly. 
The coloration of the skin, however, which at this  time was  that of 
an early larval stage, did not change at all under the influence of the 
iodine; consequently metamorphosed animals resulted with the color 
of young larvae. 
Similar experiments were  conducted with  the  species Ambystoma 
maculatum.  If the larvae were fed on earthworms and kept at 25°C., 
the  isolated yellow spots  developed  from  the  yellow network after 
metamorphosis; if they were fed on thymus and kept at 25°C.,  meta- 
morphosis  was  retarded,  but  the  development of  the  yellow spots 
proceeded notwithstanding. 
Evidently the development of the structures leading to the colora- 
tion of the skin are caused by substances which are not identical with 
the  substances  causing metamorphosis, nor  are  they identical with 
the substances causing development of the sex organs.  So far then, 
we have found three groups of organs, each of which is controlled by 
a  different substance, or rather a  different set of substances, as will 
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Relation between Development  of Legs and Metamorphosis. 
The  statement  is  usually  made  that  in  tadpoles  iodine  enforces 
development  of  the  fore  limbs  and  that  consequently  the  limb  de- 
velopment  of  amphibians  is  part  of  the  amphibian  metamorphosis. 
We  have  observed  that  in  salamanders  the  development  of  the 
limbs,  the  fore limbs  as  well as  the  hind  limbs,  is  completely inde- 
pendent of metamorphosis; it is not in any way caused or even influ- 
enced by the iodine mechanism.  On  the  one hand,  the lags of thy- 
mus-fed animals  develop at the same rate and to the same degree as 
in  worm-fed  control  larwe.  On  the  other  hand,  larvae  subjected to 
iodine  treatment  do  not  show  any  precocious  development  of  their 
limbs.  In  Series  Opacum  1917,  Wr  (described  above),  the  hind 
limbs had developed only four toes when  the larvae were exposed to 
the  iodothyrin  solution.  Though  the  iodothyrin,  as  mentioned 
above, caused rapid shedding of the skin and reduction of the gills to 
stubs without fringes,  it did not bring about the development of the 
fifth toe of the hind limbs; thus metamorphosed salamanders resulted 
with  only four  toes  on  the  hind  limbs.  Hence  development  of  the 
legs is not  caused by iodine,  but by substances  different from  those 
which  control metamorphosis. 
In  accordance  with  this,  the  salamander  larvae  develop  their  legs 
normally  if they are  deprived  of their  thyroids even as early as the 
stage just before the beginning  of the blood circulation;  for Hoskins 
and Morris 13 mention  that larvae  of A mbystoma punctatum after  thy- 
roid removal behave like the controls,  except that  they do not grow 
so well; but they do not mention  that  thyroidectomy prevented  the 
legs from developing. 
From  this  experiment  it is  quite evident  that  in contradistinction 
to what has been observed in frog tadpoles, in the larvae of the caudate 
amphibians,  leg development and metamorphosis  are  subject to two 
different  factors,  and  that,  consequently,  leg development  can occur 
even  if  no  metamorphosis  takes  place,  or  may  not  occur  even  if 
metamorphosis takes place. 
13 Hoskins, E. R.,  and Morris, M., Proc. Soc. Exp. Biol. and Med., 1916-17, 
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It is remarkable, however, that in two so closely related groups of 
animals  as  the  caudate  and  tailless  batrachians,  the  same  process 
should be caused by so different a mechanism.  It is difficult to refute 
the suspicion that in the Salientia the development of the limbs may 
be initiated only indirectly by the iodine action, perhaps on account 
of some incidental anatomical structure which first must be broken 
down by the autolytic action of the iodine.  And, in fact, there exists 
such a  structure in  the Salientia,  which may be in  the way of the 
development of the fore limbs at least.  It is we]l known that in the 
frogs and toads the fore legs begin to develop long before they become 
visible  externally; they  develop  enclosed  in  the  gill  chambers  and 
covered by the skin of the body.  Would it not be possible  that the 
autolytic changes of the skin which finally lead to the first shedding 
of the skin and which are actually effected by the iodine action, must 
first be initiated by the iodine in order that the legs can be freed and 
full development can take place in the tadpoles?  In this connection 
the experiments which Lenhart  14 performed on  tadpoles  in order to 
test  the action of thyroid glands  of varying iodine content may be 
mentioned.  He noticed that with increasing iodine content the ab- 
sorption  of  the  tail  takes  place  more  and  more  quickly while  dif- 
ferentiation, on the contrary, becomes less,  taking the development 
of the limbs as expression of the differentiation.  This result can be 
understood only if we assume that the autolytic processes alone lead- 
ing to absorption of the tail, shedding of the skin, and metamorphosis, 
are caused directly by the action of the iodine.  If the time between 
the  beginning of  the  autolytic processes  and  their  final  result,  the 
shedding of the skin,  is long enough,  the legs have  time to develop 
after they have been freed, before metamorphosis takes place.  But 
if  by  means  of  strong  iodine  concentration  this  interval  becomes 
much shortened, the legs have no time to differentiate before meta- 
morphosis occurs, the iodine, the concentration of which was increased 
artificially,  acting  more  strongly  than  the  substances  causing  leg 
development, which were not increased artificially. 
That  leg development is  not  a  part  of  the  amphibian  metamor- 
phosis  is also demonstrated by the fact that in certain amphibians, 
14 Lenhart, C. H., J. Exp. Med., 1915, xxii, 739. EDUARD  UHLENHUTH  535 
such  as  the  c~ecilians,  legs are  completely absent  in  the  adult  form 
and yet a  normal metamorphosis  takes place in these amphibians. 
There  are  still  other  organs  the  development  of  which  does  not 
seem  to  be  caused by  the  iodine  action  in  metamorphosis.  It  has 
been  observed  by  Cope  1~  and  confirmed  later  by  Powers  16  that  in 
Ambystoma tigrinum under  certain  conditions  metamorphosis  may 
take place without the tongue and the larval arch of the palatal teeth 
developing the adult condition.  From this may result metamorphosed 
animals without tongue and with the larval arch of the palatal  teeth 
persisting.  The  substances  causing  metamorphosis  apparently  do 
not influence the development of the two organs in question.  Thus it 
seems that  at  least  six chemical mechanisms  are present in  the am- 
phibian organism,  one for metamorphosis, one for the skin coloration 
of  the  adult,  one  for  the  sex  organs,  one  for  the  legs,  one  for  the 
tongue, and one for the palatal teeth.  The remarkable feature in the 
amphibian  development  is  that  each  of  these  mechanisms  can  act 
independently without influencing the others; the organism as a whole, 
as an  organic  individuality,  seems to have no  control  over the har- 
monic  development  of  these  groups  of  organs,  since  the  chemical 
mechanisms  separately  respond  to  conditions  which  are  not located 
within but without the organism.  We will see now that one of these 
conditions  is  the  temperature,  which  affects  the  rate  of  some  of 
these mechanisms  in a  different way and  consequently brings  about 
unequal development of various parts  of the body. 
Influence of Temperature upon Metamorphosis and Coloration of 
Ambystoma tigrinum. 
If the coloration of the skin is caused by substances different from 
those which cause the amphibian  metamorphosis, we can understand 
the  influence  of  temperature  upon  the  coloration  of  Ambystoma 
tigrinum as observed in the following experiments. 
Two sets of larvae  of Ambystoma tigrinum, Tigrinum 1917, Series S 
and U, were kept at approximately 25  ° and 15°C. respectively; other- 
~5 Cope, E. D., The batrachia of North America, Washington, 1889, 73. 
U. S. Nat. Mus., No. 34). 
16 Powers, J. H.,  Univ. Studies  Univ.  Nebraska,  1907, vii, 197. 
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wise they were kept under  exactly like  conditions.  The  eggs  from 
which they hatched in the laboratory were collected in  Syosset, Long 
Island,  in  the spring of 1917; they were all taken from one single egg 
mass  and  were  consequently  laid  by  the  same female.  Soon after 
hatching  the larvae  of both sets were fed on worms, which were used 
as food throughout  the whole experiment.  Each set consisted of six 
specimens; five of these metamorphosed in Series S  and four in Series 
U.  In Series S, metamorphosis took place ll weeks and 6 days after 
hatching,  in  U, 22 weeks and 2 days after hatching. 
In both series the color of the larvae  before metamorphosis was an 
even greenish black. 
In  Series S  numerous  yellowish spots of small  size became visib!e 
all  over  the  back  as  soon  as  the larvae  had  shed  the  skin  (Fig.  5). 
In Series U  the larval color was retained after metamorphosis and no 
spots  appeared;  metamorphosed  animals  with  a  larval  coloration 
resulted  (Fig. 6). 
In Series S  the yellow spots soon began to increase considerably in 
size;  in  Series  U  no  yellowish  spots  appeared  before  the  2nd  week 
after  metamorphosis,  when  a  small  number  of  tiny  sepia  colored 
specks made their appearance. 
In Series S  the yellowish spots had increased so much in size several 
weeks after metamorphosis that they became confluent here and there 
forming yellow blotches; no  further  changes  took place in  Series  U. 
Fig.  7 shows an animal  of Series S  13 weeks and  2 days after meta- 
morphosis;  the  spots have  fused to form blotches and  bands  of yel- 
lowish  color.  Fig.  8  shows an  animal  of  Series  U,  22  weeks and  3 
days after metamorphosis; the spots are still small and few in number. 
The  final  coloration of the adults is shown in  Figs.  9  and  10.  In 
Fig. 9 an animal of Series S is shown 33 weeks and 2 days after meta- 
morphosis; very little of the black background is left, most of it being 
filled in by the large yellowish bands; in the animals kept at low tem- 
perature  just  the  opposite  occurs,  as is  shown  in  Fig.  10,  50  weeks 
and  5  days  after  metamorphosis.  The  number  and  size  of  the 
yellowish spots have increased only slightly. 
These experiments show that the occurrence of banded and spotted 
individuals in Ambystoma tigrinum is not due to the existence of two 
different  races,  since  in  our  experiments  all  animals  were  derived EDUARD IYHLENI-IUTH  537 
FIG. 5.  FIG. 6. 
FIGS.  5  to  10.  In  Ambystoma tigrinum the  development  of  the  yellowish 
spots is more retarded at low temperature than metamorphosis,  and the develop- 
ment of the yellowish bands is completely inhibited.  Fig. 6 photographed from 
live  specimen.  Fig.  10 photographed from water  color  painting  made  from 
preserved  specimen.  Rest  of figures  photographed from water color paintings 
made from live specimens.  Natural size. 
FIG. 5.  Tigrinum 1917, S  3.  25°C., 12  days after metamorphosis.  Numer- 
ous small yellowish spots. 
FIG.  6.  Tigrinum 1917,  U  4.  15°C., 11  days after metamorphosis,  larval 
coloration.  No spots. 
from  one  female.  Furthermore,  the  difference  in  coloration  as 
observed here is not due to the influence of light but  to the influence 
of temperature.  The action of the temperature is manifested in two 
ways: first,  in  low temperature  the development of the yellow spots 538  METAMORPHOSIS  IN  AMPHIBIANS 
I;IG. 8. 
FIG.  7. 
FIG. 7.  Tigrinum 1917,  S  4.  25°C.,  13 weeksand 2 days after metamorpho- 
sis.  Yellowish spots fused to yellow blotches and bands. 
FIG. 8.  Tigrinum, 1917,  U  4.  15°C.,  22  weeks  and  3  days  after  meta- 
morphosis.  Few small yellowish spots; no bands. EDUARD  UI-ILEIN~U  TH  539 
F~.  10. 
FIG. 9. 
FIG.  9.  Tigrit~um 1917,  S  4.  25°C.,  32  weeks  and  2  days  aftermetamor- 
phosis.  Only little is left of the dark background, most of the space being taken 
up by the yellowish bands. 
FIG. 10.  Tigrinum 1917,  U 4.  15°C., 50 weeks and 5 daysafter metamorpho- 
sis.  Only small yellowish spots present; no bands have developed. 540  METAMORPHOSIS  IN  AMPHIBIANS 
is  more  retarded  than  metamorphosis;  second,  the  development  of 
yellow bands is inhibited permanently  in low temperature. 
The  first phenomenon  can be explained  as follows: In  a  previous 
paper  it  was  shown  that  one  of  the  substances  causing  metamor- 
phosis,  the excretor substance,  is evolved during  chemical processes, 
the  rate  of  which  depends  on  the  rate  of  the  processes  leading  to 
growth.  Since  the  temperature  coefficient  of  the  excretor-forming 
processes is greater than  that of the growth processes, the formation of 
excretor  substance is  decreased more  than  the rate  of growth if  the 
larva are kept at low temperature,  and consequently the relation be- 
tween size  and metamorphosis  is  changed,  the larva  being larger  at 
the time of metamorphosis when kept at low temperature than when 
kept  at  high  temperature.  Since  the  temperature  coefficients  of 
different  physiological  processes  are  frequently  different,  we  might 
expect that the temperature coefficients of the processes causing meta- 
morphosis  are  different from those of the processes causing  develop- 
ment  of  the  structures  which  give rise  to  the  skin  coloration  of  the 
metamorphosed  animal.  If this  were so,  we should expect that  the 
time  relation  between  metamorphosis  and  the  development  of  the 
skin  color  should be  changed  not  only by feeding  or  omitting  sub- 
stances  which  cause  precocious metamorphosis  but  also  by keeping 
the animals  at low temperatures. 
This  is  actually  the  case  with  the  development  of  the  yellowish 
spots  in  Ambystoma tigrinum.  The  retardation  of  the  appearance 
of  the  yellowish spots  as  compared  with  metamorphosis  can  be ex- 
plained  if  we assume  that  the  chemical  processes  causing  the  de- 
velopment  of  the  spots  have  a  higher  temperature  coefficient  than 
the chemical processes causing metamorphosis. 
In  order  to  understand  the  second  phenomenon,  the  inhibition 
of  the  development  of  the  yellowish bands,  we  shall  again  refer  to 
metamorphosis. 
One of the  cases of metamorphosis  most difficult to explain  is  the 
occurrence  of  a  perennibranchiate  form  in  the  species  Ambystoma 
tigrinum in  certain  localities.  On  the basis of the  results  so far ob- 
tained  in our experiments  the  perennibranchiate  form  of the Araby- 
stoma tigrinum can be explained  tentatively as follows. EDUARD  UHLENHUTtt  541 
Two reasons may be assumed to account for the inhibition of meta- 
morphosis in Ambystoma tigrinum.  First, it is possible that with pro- 
gressing age certain  changes occur in the organism which abolish  the 
susceptibility  of  the  larvae  to  the  action  of iodine;  but  experiments 
have shown that even very old larvae  can be forced to metamorphose 
by direct application  of iodothyrin. 
Second,  it  is  possible  that  with  progressing  age  certain  changes 
occur in  the  thyroid  gland  which  make  this  gland  progressively less 
susceptible to the action of the excretor substance.  By this assump- 
tion  the  problem  can  be solved.  The  localities  where  the  perenni- 
branchiate  form of Ambystoma tigrinum occurs are all located high in 
the  mountains  and  consequently  the  temperature  of  the  water  in 
these  lakes  is  very  low.  As  in  other  cases  it  is  possible  that  the 
temperature  coefficient of  the  thyroid  chang~  is  lower  than  that  of 
the excretor formation,  and  that  for this reason lowering of the tem- 
perature  decreases  the  rate  of  the  excretor  formation  more  than  it 
decreases  the  rate  of  the  thyroid  change.  Thus  at  the  time  when 
the quantity of excretor required  under  normal  conditions  to induce 
thyroid excretion would be evolved, the  thyroid would be in a  state 
where this quantity would not  any  longer  be sufficient to affect ex- 
cretion.  If  the  rate  of  the  thyroid  change  which  makes  this  organ 
less and  less  sensitive  to  the  action  of the excretor,  and  the rate  of 
the  excretor  formation  would  be  constant  under  these  conditions, 
the difference between the quantities of the two factors would increase 
progressively,  and  metamorphosis  would  become  more  and  more 
impossible. 
The development of the yellow bands of Ambystoma tigrinum  in low 
temperature is indeed very similar to the metamorphosis of the same 
species,  both  becoming  inhibited  permanently  by low  temperature; 
the  only difference is  that  inhibition  of the  development  of the  yel- 
low bands  can  be effected  at  a  temperature  somewhat higher  than 
that  at  which  metamorphosis  can  be  inhibited.  From  this  simi- 
larity  we  may  conclude  that  the  development  of  yellow bands  in 
Ambystoma tigrinum  is due to an interaction  of factors similar  to but 
not  identical  with  those  involved  in  metamorphosis.  Possibly  one 
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certain substance with progressing  age,  the  temperature coefficient 
of that change being lower than that of the processes which produce 
the substance in question. 
It is possible  that mechanisms similar  to  the  mechanism involved 
in the development of the skin color are responsible also for the de- 
velopment of the  tongue and palatal  teeth, both phenomena being 
checked definitely by low temperature, as pointed out by  Cope ~5  and 
Powers. 1~ 
DISCUSSION. 
In  previous  experiments 17 it has  been  shown,  by  grafting  organs 
from  one  larva  to a  larva  of different age,  that  the  development  of 
certain stages of the eye and  of the skin pigmentation  is caused,  like 
the  processes  of  metamorphosis,  by  substances  which  are  not  pro- 
duced  in  the  organs  themselves  but  reach  them  through  the  blood 
circulation.  In  this  paper  further proof  of  the  existence of  such 
substances has been found in experiments made by a different method. 
But at the same time it has been shown here that the substances which 
are causing development of these organs are not identical with the 
agents causing metamorphosis and consequently the development of 
these organs cannot be included under metamorphosis.  It is certain 
that in the salamanders examined at least five groups of organs, the 
structures leading to pigmentation of the skin, sex organs, legs, tongue, 
and palatal teeth, are independent of each other and of metamorphosis. 
It is probable  that at least six different chemical mechanisms exist 
in the amphibian organism each of them for another group of organs. 
Consequently it should be possible  to change the succession  in time 
of  these  developmental phenomena by  feeding directly substances 
which contain or lack the agent for only one of them; this  can be 
actually accomplished in the case of metamorphosis and development 
of the skin  color  by iodine treatment or thymus feeding.  But  the 
same result should be accomplished by keeping the larva in different 
temperatures, since  the temperature coefficients are different for the 
chemical reactions constituting each of these mechanisms.  This has 
17Uhlenhuth,  E.,  Arch.  Entwcklngsmechn.  Organ., 1913, xxxvi,  211;  Arch. 
vergl. Ophthalm.,  1913, iii, 343;  Proc.  Soc. Exp.  Biol.  and  Med.,  1917, xiv,  88; 
J. Exp. Zool.,  1917-18, xxiv, 237. EDUARD  UI~LENHUTH  543 
been shown to be actually the case for metamorphosis and coloration 
in Ambystoma tigrinum, and  probably the  same cause is  responsible 
for  the  production  of  metamorphosed  animals  without  tongue and 
with a  larval arch of palatal  teeth. 
It is probable that  two factors are causing  metamorphosis,  iodine 
and  excretor  substance.  A  third  factor  is  probably involved in in- 
hibition  of metamorphosis  at  low temperature;  namely,  a  change of 
the  thyroid  gland,  making  this  organ  progressively  less  susceptible 
to  the  excretor action,  with progressing  age.  The  inhibition  of the 
development  of the  yellow bands  at  low temperature  in  the  species 
Ambystoma tigrinum is so similar  to the inhibition  of metamorphosis 
by low temperature  in the same species as to suggest that the mech- 
anism causing this coloration is composed also of a number of factors 
interrelated in a way similar to that of the factors for metamorphosis. 
It would be interesting to find out whether one of these factors, as in 
metamorphosis,  is an internal  secretion. 
The experiments reported here show that the independent develop- 
ment of the germ cells cannot be used to postulate an independent posi- 
tion of the germ plasma as compared with the somatic plasma,  since 
other  groups  of organs  which  so far as known are not  composed of 
germ  plasma  behave  like  the  germ  cells.  The  fact  that  in  sala- 
manders  different groups of organs  are evolved by the action of dif- 
ferent substtmces seems to agree well with similar phenomena in plants, 
since  it  has  been  shown  that  the  different  organs  of  the  plant  are 
caused  to  develop separately and  apparently  without  the  control  of 
what  may be called  an  organic  individuality,  by the  action  of  dif- 
ferent  substances,  special  substances, for instance,  serving for devel- 
opment of leaves and roots. ~8 
SUMMARY. 
1.  The difference in time existing between the first shedding of the 
skin  and  the  reduction  of the  gills  to mere  stubs without  fringes  is 
constant  and  unchangeable,  which  indicates  that  the  fundamental 
cause for both is a  common one. 
2.  This  common  cause  is  the  action  of  iodine,  and  consequently 
both  phenomena  constitute,  or  at  least  are  part  of,  the  metamor- 
phosis of the salamanders. 
18  Loeb, J., Bot. Gaz.,  1915, Ix, 249; 1916, lxii,  293; 1917, Ixiii, 25. 544  METAMORPHOSlgS IN  AMPHIBIANS 
3.  The development of the adult  skin  coloration and  of the  legs 
may take place either before or after metamorphosis.  Iodine cannot 
enforce either of these phenomena. 
4.  The same is true of the development of the sex organs. 
5.  Development of the tongue and  palatal  teeth  can be  checked 
even in animals in which metamorphosis takes place. 
6.  Consequently  development  of  the  skin  coloration,  as  well  as 
development of the legs, sex organs, tongue, and palatal teeth are all 
caused by substances not identical with the substances causing meta- 
morphosis and,  since they are also all independent of each other in 
their  development, it is probable  that  special chemical mechanisms 
exist for the development of each one of these six groups of organs. 
7.  This assumption is also supported by the fact that the order of 
development in  several  of  these  organ  p~irs  can  be  changed by  a 
difference in  temperature,  which would  indicate  that  the  develop- 
ment of each of these groups of organs is  caused by chemical reac- 
tions with different temperature coefficients. 
8.  That the germ ceils can develop in amphibians either before or 
after metamorphosis ~toes not mean that the germ plasma is opposed 
as a unit to the somatic plasma, since other organs which are believed 
to be part of the somatic plasma behave in this respect like the germ 
cells. 
9.  The noteworthy feature of the amphibian metamorphosis is that 
instead of being controlled and kept in harmony by the organic indi- 
vidual the development of at least six groups of organs is controlled 
separately by the action of probably six different chemical mechan- 
isms, each of which can be stopped or enforced independently either 
by  directly  supplying  the  substances  required  or  by  causing an 
increased formation within the body by suitable  temperatures. 